Summary.
Studies in mammals have indicated that PHI (peptide histidine isoleucine) and VIP (vasoactive intestinal polypeptide) share a prepropeptide, and that both peptides are contained in the same neurons.
The present study proposes that this relationship may not hold true in protostomian invertebrates.
In the nervous system of the cockroach (Insecta, Arthropoda) and Aplysia (Gastropoda, Mollusca) distribution of PHI and VIP was examined by immunocytochemistry.
In both animals neurons containing PHI-like immunoreactivity were numerously found and only a small part of them in the cockroach contained VIP-like immunoreactivity.
These findings suggest that in these invertebrates, PHI may play a more important regulatory role than VIP. Possible reasons for the difference in the distribution of immunoreactivities for PHI and VIP are discussed.
Peptide HI (PHI) is a 27 amino acid neuropeptide isolated and characterized by TATE-MOTO and MUTT (1981) . Recently, PHM, the human counterpart of PHI has been revealed to be a part of the molecule of human preprovasoactive intestinal polypeptide (VIP) by sequence analysis of the mRNA. This has been confirmed by immunocytochemical studies, demonstrating in different mammals that immunoreactive VIP and PHI were contained in the same neurons (YANAIHARA et al., 1983; LUNDBERG et al., 1984) .
VIP is a 28 amino acid neuropeptide widely distributed in the nervous system in vertebrates (SAID and RoSENBERG, 1976; LARSSON et al., 1976) , but its occurrence in invertebrates has been demonstrated in restricted animals. In the deuterostomian protochordate, Ciona intestinalis, it has been shown that some VIP-immunoreactive neurons occur in the cerebral ganglion (FRITScH et al., 1982) . In protostomian invertebrates, a small number of neurons in the subpharyngeal ganglion of the earthworm (Lumbricus terrestris) have been shown to contain an immunoreactive VIP (SUNDLER et al., 1977) . In the pond snail, Lymnaea stagnalis, only two neurons have been positive for VIP (ScH0T et al., 1981) . As for insects, a few neurons immunoreactive for VIP have been reported in the brain and extracerebral ganglia of the cockroach, Periplaneta americana *This study was supported by a grant from the Ministry of Education , Science and Culture Japan (No. 59480090). . VIP-positive nerve fibers have also been found in the longitudinal muscular layer of the gut in this insect .
With regard to the occurrence of PHI in invertebrates, no paper is available as far as we are aware. The present paper demonstrates the distribution of immunoreactive PHI and VIP in the nervous tissues in two protostomian invertebrates, Aplysia and the cockroach. Special attention is given to the problem of whether both neuropeptides are co-stored in the same neurons as is the case in higher vertebrates.
A preliminary account of this study has been included in our paper (Yui et al., 1985 in press) presented to the International Symposium, "Nonmammalian Peptides," May 1985, Rome.
MATERIALS AND METHODS
The cockroach, Periplaneta americana (Insecta, Arthopoda), and Aplysia kurodai (Gastropoda, Mollusca) were used in the present study. The brain from the former and the cerebral ganglia from the latter were removed and fixed in Bouin's fluid. They were embedded in paraffin and cut serially at 3-5 pm. The sections, after deparaffinizing in xylene and washing in 0.01 M phosphate buffered saline, pH 7.3, were subjected to the peroxidase-antiperoxidase (PAP) method (STERNBERGER,1974) . Anti-PHI serum (R8201) and anti-VIP serum (R501) were raised in rabbits by injections of synthetic porcine PHI and porcine VIP, respectively.
The dilution of the two antisera used was 1:3,000 (anti-PHI serum) and 1:1,600 (anti-VIP serum). The site of antigen-antibody reaction was revealed by porcine anti-rabbit IgG diluted at 1:20 (Dako, Denmark) followed by PAP complex diluted at 1:50 (Dako, Denmark).
The specificity of the immunoreaction was checked by conventional staining controls (STERNBERGER, 1974) . In addition, an absorption test was performed using diluted antisera pretreated with synthetic porcine PHI and VIP at a concentration of 10-20 pg/ml for 24 hr at 4°C.
RESULTS

Cockroach Brain
VIP-positive neurons were considerably few in number in the brain of the cockroach. A few VIP-positive cells (10 pm in diameter) were located in the lateral area of the protocerebrum (Fig. la) . In the deutocerebrum, a few large cells (20-30 pm) were positive for VIP in the lateral region (Fig. 2a) .
PHI-positive cells were recognized more numerously than VIP-positive ones. In the protocerebrum, several PHI-positive cells (15-30 pm) were found in the pars intercerebralis.
Also in the lateral region, a few small cells (10 pm) showed PHI immunoreactivity (Fig. lb) . In the deutocerebrum, several PHI-positive cells (20-40 pm) were found in the lateral (Fig. 2a) and posterior regions.
By comparison of two consecutive sections, all the VIP-positive neurons in the brain showed PHI immunoreactivity (Fig. la, b) . However, the majority of PHIpositive cells were found completely negative for VIP (Fig. 2a, b) . Although numerous PHI-positive nerve fibers were identified in the brain, VIP-positive ones were found less frequently (Fig. la, b) . (Fig. 3a) . One large positive cell (40 um) was located in the F cluster. PHI-positive nerve fibers were numerously found in the cerebral ganglion (Fig. 3a) . No VIP-positive neuron somata could be identified in the In a lateral area of the deutocerebrum.
x 560 a b cerebral ganglion, although a few VIP-immunoreactive nerve fibers were found (Fig.  3b) .
As the result of the absorption test, PHI immunoreactivity was completely inhibited by the anti-PHI serum pretreated with synthetic porcine PHI, but not influenced by that with synthetic porcine VIP.
On the other hand, VIP immunoreactivity was abolished after incubation of the anti-VIP serum pretreated with synthetic porcine VIP, but not affected by the PHI-pretreated anti-VIP serum. In contrast to the co-existence of VIP and PHI in neurons in mammals, the present results indicate a large difference in the occurrence of both peptides. In the cockroach brain VIP immunoreactive neurons, which were rather few, were all immunoreactive for PHI, while there were numerous PHI-immunopositive neurons which were immunonegative for VIP. In Aplysia all PHI-immunoreactive neurons were negative for VIP. This relationship reminds us of the findings by HoKFELT et al. (1982) in the rat that a large amount of immunoreactive PHI was contained in paraventricular neurons extending their fibers to the pericapillary spaces in the median eminence and yet only a few VIP-immunopositive fibers were detectable there. It may be thus possible that the rat PHI, when used as a neurohormone, is secreted without VIP. An alternative possibility is that in this neurosecretory system prepropeptides for PHI may not contain the amino acid sequence of VIP. The same possibilities may be conceivable to account for the difference in the distribution of PHI-and VIP-like peptides in invertebrates. Two neuron systems may be postulated thereby in the case of the cockroach: a small number of neurons producing PHI and VIP probably from a common precursor molecule and the remaining majority producing only PHI either via a different precursor or by a different processing mode.
The important finding in the present study is that a PHI-like peptide is contained in large amounts and in many neurons in the insect, cockroach and the mollusc, Aplysia, whereas a VIP-like peptide is detectable only in a few small neurons in the cockroach. The prevalence of a PHI-like peptide has also been found by us in the silkworm larva, Bombyx mori (insect) and Fusitriton oregonensis (Gastropoda, Mollusca) (Yui et al., 1985) . In laboratory animals, PHI has been shown to possess weak VIP-like actions. LUNDBERG et al. (1984) claimed that in guinea pigs PHI is less potent as regards its hypotensive and bronchodilator effects as compared to VIP. Based on the present finding that a PHI-like peptide is distributed in the invertebrate nervous system in large amounts, it is reasonable to suggest that in these animals this peptide exerts more important regulatory actions than in mammals.
The significance of PHI in lower animals would seem a worthwhile area to explore in a future study.
